Studies have been carried out on the molecular nature of the plasmid DNA in four strains of Escherichia coli carrying different mutants of the K88 factor. The factor was derepressed in three of the strains, one of which had kept the K88 antigen determinant, while the antigen was no longer demonstrable in the two other strains. The fourth strain possessed the K88 antigen but was transfer defective. The purified plasmid DNA was studied by electron microscopy and analytical CsCl density gradient centrifugation.
I N T R O D U C T I O N
Plasmids can be differentiated into transmissible plasmids and those non-transmissible plasmids whose transfer depends on transduction or on the concomitant presence of a sex factor (Hayes, 1969) . The basic genetic requirements of a transmissible plasmid are the possession of genes determining aut onomous replication and transfer by conjugation. Accessory genetic determinants are usually responsible for the discovery of a transmissible plasmid, since these are the genes which visibly affect the phenotype of the host cell. Among these are resistant determinants to antibiotics (Watanabe & Fukasawa, 1961) . Watanabe (1969) concluded that R factors should be regarded as a single structural unit consisting of drug-resistance determinants and a region controlling transfer function. Anderson (1968) maintained that at least one R factor can dissociate into distinct and physically separate components, a transfer factor termed A, and individual separate resistance genes, each capable of autonomous replication. Cohen & Miller (1969, 197oa, b) and Silver & Falkow (1970 a, h) presented results which strongly support the view that both situations exist. Nisioka, Mitani & Clowes (1969 found only one species of thefi-R15 DNA in Proteus urtirabilis whilefif R factor, 222/R3, was composed of three species. Derivatives of these R factors with sequential loss of the drug resistance characteristics possessed unimolecular species. Unimolecular species of the penicillinase producing R factors, R28K and R6K, in P. mirabilis and Escherichia coli have also been obtained (Kontomichalou, Mitani & Clowes, 1970) .
F factor, i.e. it is anJi+ factor. Strains harbouring the K88 factor have no detectable f+ antigen (Orskov & Orskov, 1960; unpublished data) . It has, however, been shown subsequently that the K88 transfer factor is an F-like sex factor, since it determines the production of F-like fimbriae (Meynell, Meynell & Datta, 1968; Orskov & Orskov, unpublished) . The finding which indicated that the K88 antigen determinant was or might be carried on a separate plasmid was loss of the antigen either spontaneously or after acridine treatment with only irregular loss of donor ability, i.e. the transfer factor (Orskov & Orskov, 1966) .
This study describes four derivatives of one Escherichia coli strain carrying different varieties of the K88 factor and reports the detection and physical characterization of the extrachromosomal DNA in these strains.
M E T H O D S
Bacterial strains. Derivatives of the Escherichia coli test strain of 0 antigen IOO (H509a) and one K I~ strain were used: these are listed in Table I . The difference between W3478(G7) and w3478(wII77/G7) is that the former received the K88 factor from strain G7 isolated from swine, while transfer of the K88 antigen determinant to the latter had passed a longer route, being first transmitted from G7 to ~1 1 7 7 (a derivative of the K12 strain) and from thence to w3478. The experiments from which these strains originated have been described previously (Orskov & Orskov, 1966) .
Media. Culture media for bacteria have been described previously (Orskov & Orskov, 1966) . For phage work, liquid TYECA medium and solid tryptone plates were used, as described by Meynell & Datta (1966) .
F-specific phages. Two RNA phages, MS2 (Davis, Strauss & Sinsheimer, 1961) and p2 (Dettori, Maccacaro & Piccini, 1961) , both kindly supplied by E. Meynell, and one DNA phage, f I (Loeb & Zinder, 1961) were used. Phage stocks prepared from plates with confluent lysis, assay of these by the agar overlayer method, and preparation and assay of antiphage serum (MS2) were carried out according to Adams (1950) . Phage sensitivity was tested by the cross-brushing (Lederberg, I 947) and agar overlayer methods. Where no sensitive bacteria could be demonstrated b,y these methods, the technique described by Meynell & Datta (1966) was used. According to that method 2-5 to 5 x ro8/ml bacteria and phage MS2 at a multiplicity of 2 to IOO are mixed and kept at 37°C for 8 min. Antiphage serum with high K value is added for neutralization of unabsorbed phage for a period of 10 min at 37"C, and residual antibody is then removed. The culture is assayed for phage and reassayed for increase in phage titre after incubation for 2 h.
Isolation of derepressed X88 factor. Subcultures in broth and on BTB (bromothymol blue) lactose plates were made from agar stab cultures. The broth cultures were observed for K88 factor DNA in E. coli 375 * 0100 = 0 antigen 100; 0-= no 0 antigen; K88 = antigen K88.
pellicle formation for up to 5 days at 37OC. Pellicle formation will most often be followed by the formation of a heavy bacterial sediment. The broth cultures, preferably the pellicleforming cultures, were spread on to BTB plates and search was made for unique smaller, darker colonies. From such colonies when present, from normal colonies and from mass culture, further broth cultures were produced and the process was repeated several times until one or more single colonies were obtained which on subculture were pellicle forming. This procedure was adopted partly because it is a well known fact that K 1 2 Ff broth cultures grow with a pellicle and form a sediment and partly because of an early experiment (unpublished) in which a small dark yellow colony among hundreds of normal looking K88 colonies on a BTB lactose plate showed the unique property of being sensitive to F-specific phages. Meynell(1969) describes that derepressed mutants of a CoZ+ culture are characterized by small sized slower growing colonies. Transfer oJ'K88 jbctor. Derepressed transfer ability was examined by mixing one part of the freshly grown maltose-negative donor culture ( 2 to 5 x Ios/ml) with 10 parts of an overnight maltose-positive recipient broth culture. After I h at 37 "C, appropriate dilutions were plated on to BTB maltose plates. Recipient colonies (100 to 150) were tested by slide agglutination in K88 antiserum. All K88+ and 50 K88-colonies were tested for sensitivity to MS2 phage. When a donor was used which had lost the K88 antigen determinant from the K88 factor (i.e. the transfer factor was left), the number of dark yellow in proportion to bright yellow colonies was calculated from among about IOO colonies. According to experience the dark yellow colour on this medium indicated the presence of the K88 transfer factor. AH dark colonies and 50 bright colonies were examined for MS2 phage sensitivity. In ordinary transfer experiments, 60 ml broth was inoculated with overnight broth cultures, I ml donor and 0.1 ml recipient, and incubated at 37°C for about 20 h.
Mating procedure for transfer of chroniosomal markers. The method used was described in a previous paper (0rskov & Orskov, 1966) .
Test for repressor function of the dereprssxd K88 factor. Examination of the influence of the derepressed K88 factor on the F factor was made by testing colonies of strain K I~ Hfr ~4 x 6 to which the derepressed K88 factor had been transmitted for their sensitivity to F-specific phages.
Labelling of cells. The cells were grown in IOO ml quantities of a tris-buffered minimal medium (Bazaral & Helinski, 1968) and labelled for two or three generations with I mCi [3H]thymidine (New England Nuclear 6-7 Cilmmole). The bacteria were harvested at the end of the logarithmic phase.
Ethidium bromide-CsCl gradient centrijkgation of sphaeroplast lysates. Unlabelled cells
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were grown overnight i n brain heart infusion broth (Difco). Sphaeroplast lysates were prepared as described by Bazaral & Helinski (1968) . The lysate of the cells from a IOO ml culture was divided into three portions. Each portion (0.5 ml) was transferred to a centrifuge tube which contained 4-5 ml of a solution with CsCl (final density, 1-55 g/cm3) and ethidium bromide (0.2 mg/ml) in TES buffer (0.05 M-NaCI + 0.05 M-triS + 0.005 M-EDTA, pH 8). The gradients were centrifuged for 44 h at 44000 rev./min. and 20°C in a Beckman L2-65 B ultracentrifuge in an SW65 Ti rotor. After the run, the tubes were illuminated in a dark room with a U.V. lamp (Ellack Ray UVL-21, Ultraviolet Products, California). Photographs of the fluorescent DNA bands were obtained, using a Wratten 16 filter and Agfa-Gevaert Copex films. The films were scanned by a Gilford 2400 linear film transport system. Preparation of labelled DNA. Sarcosyl lysates of sphaeroplasts were made from labelled cells as described by Cohen & Miller (1969) . The lysate was treated with pancreatic RNase (50 pglml) and T I RNase (10 pg/ml) at 37OC for 60 min. After addition of sodium dodecyl sulphate (0.1 ml, 2 5 % ) , the solution was extracted by gentle hand shaking with an equal volume of double distilled phenol saturated with 2 x SSC (0.15 M-NaCl+o.o15 M-sodium citrate, pH 7) and the DNA dialysed against 2 x SSC containing 0.01 M-EDTA.
Preparation of plasmid DNA. A partial purification of plasmid DNA can be obtained by the use of nitrocellulose filters which bind the single strands of alkaline denatured and reneutralized DNA. The plasmid DNA which retains the native configuration will not bind to the nitrocellulose (Wohlhieter, Falkow & Ci tarella, 1966) . Whole-cell DNA was denatured at pH 12.3 by the addition of 5 M-NaOH and was allowed to stand at 0°C for 10 min. The solution was then neutralized by slow addition of I M-HCl during stirring. The denatured single-stranded DNA WilS removed by three filtrations through double-layered Millipore filters (0.45 pm pore size) under suction (80 mm Hg). The DNA in the filtrate was then concentrated by pressure dialysis against TES buffer. After dialysis, CsCl and ethidiumbromide were added arid the gradients were centrifuged as described for sphaeroplast lysates. The gradients were fractionated from the top by an ISCO fractionator model D and three drop fractions were collected. A 10 pl sample of each fraction was spotted on a 22 mm Millipore filter which was placed on the bottom of a plastic counting vial, overlayered with 10 ml Packard liquifluor, and counted in a Packard Tri-Carb spectrometer model 3320. The fractions corresponding to the plasmid band were pooled and dialysed against TES buffer and stored at 4OC.
Analytical ultracentrijkgation. A Spinco model E analytical centrifuge with monochromator and electronic speed regulation was used. CsCl (Merck suprapur) was dissolved in 0.05 M-tris, pH 7.5, to a density of 1.700 g/cm3. To I ml of this solution, 1-5 pg of the DNA to be investigated and I pg of the marker DNA were added and the density was readjusted. The solution was transferred to a Kell F centrepiece and centrifuged for 20 h at 25OC and 44000 rev./min. Photographs were taken with the U.V. optics at 260 nm. The pictures were traced with a Joyce Loe bl Chromoscan densitometer equipped with microoptics. Buoyant densities were calculated as described by Schildkraut, Marmur & Doty (1962) .
Electron microscopy m d measurement of DNA contour length. The plasmid DNA in TES buffer was mixed with an equal volume of a 0 . 0 4~~ solution of cytochrome c and twice the volume of 4 M-ammonium acetate. This solution was spread out on the surface of distilled water. The monolayer was transferred to 3 mm copper grids, covered with formvar, and stabilized with carbon. The preparation was fixed in absolute alcohol for 30 s and rotary shadowed with platinum-palladium (80:20) at a distance of 7-5 cm and an angle of 5 O. The preparations were examined by Jeol JEM electron microscope, using a magnification of approximately 7500, finally calibrated by photographing a replica, I -75 ,um/line. Negatives Hfr ~4 x 6 Hfr ~4 x 6 (~7 7 6 ) Hfr ~4 x 6 (~7 5 2 )
Hfr ~4 x 6 (D763) 
Phage stocks are all prepared on strain Hfr ~4 x 6 . ~7 5 1 , ~7 5 2 and ~7 5 3 are descendants from one clone of + = present; -= absent; o = no plaques from 0.1 ml undiluted phage suspension; * = or not detectw3478 (67) ( Table I) , while ~7 7 6 is identical to w3478 (~7 ) but produced in another transfer experiment.
able; ** = irrelevant; n.d. = not done.
were projected 10 times magnified on to a white screen so that the length of the molecules could be measured. The accuracy of the length determinations is better than 59/; (Bak, Christiansen & Christiansen, I 972). No difference was observed in the length distributions of molecules from different grids.
R E S U L T S
Characteristics of strains with different varieties of K88 factor According to the method described above for isolation of derepressed mutants two mutants, ~7 5 2 and ~7 5 3 , were isolated from W3478(G7) ( Table 2 ). Both formed pellicle and sediment in broth. The plaques formed with phage MS2 were up to I 5 mm in diameter and turbid. Strain ~7 5 2 produced the K88 antigen, while D753 did not. When ~7 5 2 was grown in mixed culture for I h with w3460 as recipient six out of 150 recipient colonies had acquired the K88 antigen and all six were sensitive to phage MS2, while K88 negative colonies were insensitive. Sensitivity to phage MS2 of the repressed mutant, D776, can only be demonstrated by the test for phage increase.
A third mutant, ~7 5 1 , also isolated from W3478(G7) ( Table 2) was not derepressed, it formed smooth broth cultures, and the K88 antigen was present, but the ability to transfer the determinant of this antigen and to transfer chromosomal markers was lost. No plaques were formed with phage MS2, nor could any phage sensitivity be demonstrated by the addition of phage MS2 followed by neutralization of unabsorbed phage and examination for phage increase after 2 h of incubation at 37°C.
From strain w3478(w1177/~7) a derepressed mutant, D763, was isolated by the same method as used for selection of ~7 5 2 and ~7 5 3 . ~7 6 3 was similar to ~7 5 3 in its inability to produce the K88 antigen (Table 2) , but it grew with smaller colonies than D753. Plating on BTB maltose after I h mixed growth of ~7 6 3 and w3460 showed a darker yellow colour in six out of 139 yellow maltose fermenting w3460 colonies. These six colonies had acquired Sample DNA and reference DNA added in amounts of 1-5 and I pg to I ml CsCl solution and density adjusted to 1.710 g/cm3. Gradients run for 24 h at 25°C and 44000 rev./min. Photographs taken with the monochromator adjusted to 265 nm. Reference DNA is from Mycoplasma Zaidluwii A (density 1.694 gicm3)).
sensitivity to phage MS2, while 50 of the normal yellow ones had not. The plaques formed on ~7 6 3 were smaller than Ihose on ~7 5 2 and ~7 5 3 but were not turbid. The derepressed K88 factor strains ~7 5 2 , ~7 5 3 and ~7 6 3 were sensitive to MS2 and f I , but no plaques could be demonstrated with the p2 phage. This latter finding was not further investigated, but the IS88 factor in the strains described here might be a mutant sex factor which in contrast to normal F-like sex factors does not confer sensitivity to the p2 phage demonstrable by the plaque technique. Bacterial mutants with different resistance patterns towards various male specific phages have been isolated (Silverman, Moback & Valentine, 1967) . The K88 factor is known to be of thefif type and no plaques can be demonstrated with either of the three male-specific phages when a K I~ Hfr strain is infected with the wildtype factor (see the results with Hfr ~4 x 6 (~7 7 6 ) in Table 2 ). After transfer of the derepressed factors from ~7 5 2 , D753 and D763 to Hfr ~4 x 6 , plaques were still formed with phages MS2 K88 factor DNA in E. coli 379 and f r , although the efficiency of plating had decreased, but no plaques could be demonstrated with phage p2. Heterogeneity in plaque size and turbidity was greater with Hfr ~4 x 6 (~7 6 3 ) than with the H f r~4 x 6 strain. The plaques formed on ~7 5 2 and D753 are turbid, as mentioned above, as are also those formed on Hfr ~4 x 6 after infection with the K88 factor from ~7 5 2 and ~7 5 3 . These facts suggest that the derepressed K88 factors from ~7 5 2 , D753 and ~7 6 3 still produce a repressor (i+) but are no longer repressible (0') (Beckwith, 1967; Meynell & Cooke, 1969). Table 2 contains a summary of the characteristics of K88 factors.
Demonstration of closed circular D N A Ethidiurn bromide density gradient centrifugation of sphaeroplast lysates
Tracings of photographs of dye density gradients of lysates from Escherichia coli strains ~5 1 2 and ~7 5 2 are shown in Fig. I . The parent strain ~5 1 2 (Table I) , which has never received the K88 plasmid, shows only one band in the gradient corresponding to the chromosomal DNA (Fig. I a) . The strain ~7 5 2 (K88+, transfer factor+), which possesses both the K88 antigen and the transfer function (see Table 2 ), shows, in addition, a minor fraction banding in the more dense region of the gradient (Fig. I b) . The distance between the two bands, about 3-5 mrn, is in agreement with the small band containing closed circular DNA (Radloff, Bauer & Vinograd, 1967) . Three other strains investigated, ~7 5 1 (K88+, transfer factor-, or not detectable), D753 (K88-, transfer factor+) and ~7 6 3 (K88-, transfer factors, see Table 2 ) also contained closed circular DNA and showed gradients essentially similar to that of strain ~7 5 2 .
These strains have originally possessed both the K88 antigen and the transfer function, but have subsequently lost one of these characteristics. No quantitative differences in the amount of plasmid DNA between the different strains could be inferred from these experiments.
Analytical CsCl gradient centrifugation of native DNA
Tracings of analytical CsCl density gradients containing isolated native DNA from strain ~5 1 2 (Fig. 2a) and strain ~7 5 2 (Fig. 2b) showed only a single band with a density of 1.710 g/cm3. If no selective loss of plasmid DNA had occurred during the isolation procedure, and this DNA had a density substantially different from that of Escherichia colichromosomal DNA, then the amount of plasmid DNA in ~7 5 2 (Fig. rb) would certainly have formed a satellite band in the heavily loaded gradients. Of course, a small fraction of the plasmid DNA with a different density could still escape detection by this method. The analytical gradients of DNA from ~7 5 1 , D753 and ~7 6 3 were similar to that of ~7 5 2 , which indicates that the plasmid DNA in these strains also had a density of about 1.710 g/cm3.
Analytical CsCl gradient centrifugation of alkaline denatured D N A
A characteristic property of the closed circular DNA is its resistance to alkaline denaturation (Vinograd & Lebowitz, 1966) . Linear or nicked circular DNA which has been denatured by alkali and reneutralized under conditions which do not allow renaturation will, when centrifuged to equilibrium in a neutral CsCl gradient, show a displacement to a density region of 0.015 g/cm3 higher than that of the native DNA. Alkali denatured and reneutralized closed circular DNA will band in a neutral CsCl gradient at the same density as the native DNA. Isolated DNA from all the strains investigated was subjected to alkaline denaturation, reneutralized and banded in analytical CsCl gradients. Fig. 3 shows an example of the results obtained with DNA from strains D512 and D751. All the DNA from D512 was shifted to a density of I -724 g/cm3 (Fig. 3a) which is the density expected for denatured bands as two peaks, one at density 1-724 g/cm3 and the other at density 1.709 g/cm3. Fig. 4 . Fractionation of an ethidium bromide CsCl gradient of plasmid DNA from strain D752. Conditions as described in Fig. I . 3H-1abelled DNA partially purified by alkaline denaturation, neutralization and filtration through nitrocellulose filters before being added to gradient. After the run three drop fractions collected and radioactivity assayed on 10 pl samples. Fractions numbered 40 to 43 collected and dialysed against TES buffer for electron microscopy and analytical ultracentrifugation.
Escherichia coli chromosomal DNA. A fraction of the DNA from all the other strains (~7 5 1 , ~7 5 2 , D753 and ~7 6 3 ) banded at a density of 1.709 to 1-71 I g/cm3. This confirms the results obtained by the ethidium bromide density gradient centrifugation that closed circular DNA is present in these strains. The fraction of closed circular DNA was nearly the same for all four strains, about I 0 to I 5 %. The results with DNA from D75 I are shown in Fig. 3b .
Isolation of the closed circular DNA
The partially purified (50 to 90 yo) plasmid DNA obtained by filtering the alkali denatured and reneutralized DNA through nitrocellulose membrane filters was further purified by ethidium bromide density gradient centrifugation. Fig. 4 shows a gradient with membrane filtered DNA from D75.2. The peak fractions, 40 to 43, which correspond to the closed circular DNA were pooled and examined by analytical ultracentrifugation and electron microscopy. Plasmid DNA from D751, D753 and D763 was isolated by the same procedure.
Characterization of the isolated plasmid DNA Electron microscopy
The isolated plasmid DNA from strains D75 I , D752, D753 and ~7 6 3 was examined by a modified Kleinschmidt technique. Representative electron micrographs are shown in Fig. 5 .
Nearly all the circular DNA molecules were in the supercoiled configuration when K88 factor DNA in E. coli Small circular DNA molecules with a contour length of about 5 pm were seen in the plasmid DNA from all four strains. These molecules were very numerous in the DNA from strain ~7 5 1 .
In all the different preparations of plasmid DNA from this strain more than half of the circular DNA molecules were in the small, 5 pm size class. As the preparations contained only very few linear DNA molecules, this distribution cannot be caused by a preferential breakage of the long circular DNA molecules. One preparation of circular DNA from 0751, obtained from a culture derived from a single clone, contained only the 5 pm circles and no longer circular or linear DNA molecules. The three other strains, ~7 5 2 , D753 and ~7 6 3 , contained only a very limited amount of the 5 pm circular DNA. The rarity of small circles in these strains is illustrated by the finding of less than one of these molecules per grid examined. The contour lengths of the long circular DNA molecules in ~7 5 1 , ~7 5 2 and D753 range from about 15 to 30 ,urn, with most molecules apparently distributed around 20 and 25 pm. In strain ~7 6 3 most of the molecules have a contour length of about 21 to 22 ,urn. At least half the circular DNA in this preparation was of the small 5 pm size class. Conditions as described in Fig. 2 . Reference DNA is from Micrococcus lysodeikticus (density 1-731 g/cm3)>.
K88 factor DNA in E. coli 383
Analytical Cs Cl gradient centr ijiuga t ion
The plasmid DNA from ~7 5 1 , ~7 5 2 , D753 and ~7 6 3 showed a single band in the analytical CsCl gradient at a buoyant density of 1-709 g/cm3. An example of a gradient with DNA from ~7 5 1 is shown in Fig. 7 .
DISCUSSION
Three of the four strains examined here originated from one clone w3478(G7), to which the K88 factor had been transferred and from which it was still transferable. The transfer system was in the repressed state in the original strain, but two segregant clones were isolated which harboured derepressed factors. One of these was still associated with the K88 antigen determinant (~752), while the other one had lost the ability to produce the K88 antigen (D753). A third segregant clone was transfer defective (~7 5 1 ) but still able to produce the K88 antigen. The fourth strain (~7 6 3 ) was phenotypically identical to D753, but here the K88 factor had passed through K I~ (w1177) before it was transmitted to the strain from which ~7 6 3 was derived. All four strains contained closed circular DNA molecules as shown by ethidium bromide, CsCl gradient centrifugation of sphaeroplast lysates and analytical neutral CsCl gradient analysis of alkali denatured and reneutralized whole cell DNA. The buoyant density of the isolated circular DNA was for all strains I -709 g/cm3. This is the same density as found for the transfer factor of the R factors Rr and R6 (Cohen & Miller, 197oa, b: Haapala & Falkow, 1971) . The different preparations of plasmid DNA from strain D751, which in all cases contained a large proportion, and in one case exclusively, the 5 pm small circular DNA, all showed only one band in the CsCl gradients. As will be discussed below, the 5 p m circles presumably contain the K88 determinant, and the results of the density experiments thus mean that this determinant has the same density as the transfer factor part of the K88 factor.
Although the distributions of contour lengths do not unambiguously allow a classification of the circular DNA into three well-defined size classes, we find it justified to discuss the relation between phenotypes and circle sizes from the following working hypothesis : the composite K88 factor DNA has a contour length of about 25 pm. It can dissociate into a transfer factor, which is about 20 pm long, and a K88 determinant, which is about 5 pm long. The justification for accepting the special significance of the 20 and 25 ,urn molecules comes from the study of the distribution of long circles in ~7 5 2 .
This strain is not defective in either the transfer function or the ability to form the K88 antigen. Although the long molecules in this strain are mainly distributed around 20 and 25 pm, the distributions are broader than expected from the accuracy of the length measurements, if all the molecules were exactly 20 and 25pm. The reason for the variation in circle size within the two size classes is not clear but is presumably caused by a relatively high chance of deletion of some part of the DNA.
The strain D75I produces the K88 antigen, but is transfer defective both for this antigen and for chromosomal markers. It was derived from a transfer positive strain but had lost the capacity to produce F-fimbriae, since no increase in phage titre was demonstrated after addition of MS2 phage. The very high proportion of small circles in ~7 5 1 seems to indicate a degree of instability of the composite K88 factor in this strain. This instability may be analogous to the instability of certain composite R-factors in Proteus mirabilis, being otherwise stable in Escherichia coli (Cohen & Miller, I970a, b) . This instability may account for the transfer defectiveness in ~7 5 1 , provided that the dissociation of the composite K88 384
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factor into the K88 determinant and the transfer factor results in the formation of a transfer factor defective in the production of F-fimbriae. The isolation from a single clone of ~7 5 1 of a strain which was phenotypically identical to other isolates of D751, but which had lost all the long, circular molecules, is regarded as a strong indication that the K88 determinant is localized on the small fj pm circles. The three other strains contained only a very low proportion of the 5 pm circles. This presumably means that thle composite K88 factor is much more stable in these strains. The general impression from the electron microscopic studies of the plasmid DNA from ~7 5 2 was that there was about the same proportion of 20 and 25 pm molecules. This probably means that both the transfer factor and the composite K88 factor co-exist in the same cell.
The combined mol. wt of the two molecules amounts to about 3 yo of the total Escherichia coli DNA, so the 10 to 1 5 yo plasmid DNA found might correspond to about 3 to 5 molecules each of the 20 and 25pm size class per cell. An alternative explanation, however, could be that the composite factor, also in this strain, had a relatively high chance of dissociating, but that the small circles were selectively lost. The distribution of contour lengths in strain ~7 5 3 is about the same as in D752. The inability of D753 to produce the K88 antigen might then possibly be caused by a point mutation or minor deletion of the K88 determinant DNA. In the strain ~7 6 3 , which is also defective in the production of the K88 antigen, most of the long molecules measured 21 to 22 pm. A deletion corresponding to 3 to 4 pm of the K88 determinant DNA in the composite K88 factor might be the cause of this distribution and explains the K88 antigen defectiveness in this strain.
